Page 1
[bookmark: _Ref494746248]3GPP TSG RAN WG1 Meeting #108-e	R1-2201146
e-Meeting, February 21st – March 3rd, 2022

Source: 	ZTE
Title: 	Discussion on HARQ-ACK multiplexing on PUSCH
Agenda item:	7.1
[bookmark: DocumentFor]Document for:	Discussion and Decision
[bookmark: _Ref4817]Introduction
[bookmark: _GoBack]In RAN1#107-e, the HARQ-ACK multiplexing on PUSCH when the UE does not detect any DL DCI was discussed. As shown below, the progress was achieved for the scenario of only one PUSCH in a slot and no consensus could be achieved for the scenario of multiple overlapping PUSCHs in a slot [1]. The UE behavior on the scenario of multiple non-overlapping PUSCHs in a slot is still FFS [2]. In this contribution, our views on the remaining issues are presented, including the case when PUSCH repetition is configured.
	Agreement
For Rel-16 with multiple overlapping PUSCHs with no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot, if the UL-TDAI n.e. 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook) there is no consensus in RAN1 on Rel-16 UE behaviour  
Agreement
For Rel-16 with one PUSCH and no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot (both single carrier and UL CA), if the UL-TDAI is not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), the UE multiplexes HARQ-ACK following the UL-TDAI into the PUSCH.



Discussion
It was agreed that, if there is only one PUSCH in a slot scheduled by a UL grant with DAI not equal to 4 for Type 2 codebook or equal to 1 for Type 1 codebook, the UE shall perform UCI multiplexing in the PUSCH even if it does not detect any DL DCI with HARQ-ACK in the slot. When the PUSCH repetition is configured, multiple PUSCH repetitions are transmitted on consecutive UL slots. The PUCCH with HARQ-ACK may overlap with any one of the PUSCH repetitions. If the UE misses the DL DCI, it would not know where is the PUCCH slot and in which slot the PUSCH overlaps with the PUCCH for HARQ-ACK. Therefore, the UE does not know the slot that the HARQ-ACK should be multiplexed in. For example, as shown in Figure 1 below, if the UE misses the DL grant, it does not know the HARQ-ACK should be multiplexed in PUSCH repetition 1 or PUSCH repetition 2. This issue should be resolved.


Figure 1 An example of PUCCH overlapping with PUSCHs for TBoMS
To address this issue, a straightforward way is to specify a PUSCH repetition for HARQ-ACK multiplexing. For example, the first PUSCH repetition or the last PUSCH repetition is specified for HARQ-ACK multiplexing when the UE does not detect any DL DCI and the T-DAI in the UL grant is not equal to 4 for Type 2 codebook or is equal to 1 for Type 1 codebook. In this case, the network should schedule the PUCCH for HARQ-ACK overlapping with the specified repetition to align the understanding between the UE and the network. 
Proposal 1: One of the PUSCH repetitions should be specified for HARQ-ACK multiplexing if the UE does not know the overlapping PUCCH slot due to missing detection of the DL DCI and the T-DAI in the UL grant is not equal to 4 for Type 2 codebook or is equal to 1 for Type 1 codebook.
If there are multiple PUSCHs overlapping with a PUCCH, a prioritization rule is specified to select a PUSCH for HARQ-ACK multiplexing as shown below.
	If a UE transmits multiple PUSCHs in a slot on respective serving cells and the UE would multiplex UCI in one of the multiple PUSCHs and the UE does not multiplex aperiodic CSI in any of the multiple PUSCHs, the UE multiplexes the UCI in a PUSCH of the serving cell with the smallest ServCellIndex subject to the conditions in clause 9.2.5 for UCI multiplexing being fulfilled. If the UE transmits more than one PUSCHs in the slot on the serving cell with the smallest ServCellIndex that fulfil the conditions in clause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the earliest PUSCH that the UE transmits in the slot. 


For the scenario of multiple non-overlapping PUSCHs in a slot, there may be three cases as shown in Figure 2. 


Figure 2 Three cases of the overlapping between PUCCH and PUSCH
· Case 1: PUCCH overlaps with all the non-overlapping PUSCHs (e.g., PUSCH 1 and PUSCH 2)
· HARQ-ACK is multiplexed in PUSCH 1 if the UE does not know the PUCCH resource
· HARQ-ACK is multiplexed in PUSCH 1 if the UE knows the PUCCH resource
· Case 2: PUCCH overlaps part of the non-overlapping PUSCHs (e.g., PUSCH 2 and PUSCH 3)
· HARQ-ACK is multiplexed in PUSCH 1 if the UE does not know the PUCCH resource
· HARQ-ACK is multiplexed in PUSCH 2 if the UE knows the PUCCH resource
· Case 3: PUCCH overlaps part of the non-overlapping PUSCHs (e.g., PUSCH 2)
· HARQ-ACK is multiplexed in PUSCH 1 if the UE does not know the PUCCH resource
· HARQ-ACK is multiplexed in PUSCH 2 if the UE knows the PUCCH resource
It can be seen that the UE behavior is related to the awareness of the PUCCH resource for Case 2 and Case 3. So the network cannot predict the UE behavior. To obtain the unified UE behavior, the network should set the DAI in the UL grant correctly. For example, the DAI for the PUSCH not overlapping with PUCCH is set to 0 for Type 1 codebook or 4 for Type 2 codebook. Only the DAI for the PUSCH overlapping with PUCCH is set to the other values, i.e., the total DAI in the last DL DCI. It means there are at most two DAI values in the UL DCI scheduling the PUSCH for a given overlapping case in a slot.
For more than one non-overlapping PUSCH in a slot, if there is only one PUSCH with DAI equal to 1 for Type 1 codebook or not equal 4 for Type 2 codebook, the UE multiplexes HARQ-ACK in this PUSCH by following the T-DAI in the UL grant. If there are more than one non-overlapping PUSCHs with DAI equal to 1 for Type 1 codebook or not equal 4 for Type 2 codebook, the UE selects the PUSCH according to the prioritization rule from these PUSCHs and multiplexes HARQ-ACK in the selected PUSCH by following the T-DAI in UL grant. In this case, the unified UE behavior is obtained. 
Proposal 2: For multiple non-overlapping PUSCH in a slot, the UE should perform HARQ-ACK multiplexing in the PUSCH with DAI equal to 1 for Type 1 codebook or not equal 4 for Type 2 codebook. If there are more than one such PUSCHs, the UE should select the PUSCH for HARQ-ACK multiplexing from these PUSCHs according to the current PUSCH prioritization rule.
Conclusion
According to the discussion above, we have the following proposal.
Proposal 1: One of the PUSCH repetitions should be specified for HARQ-ACK multiplexing if the UE does not know the overlapping PUCCH slot due to missing detection of the DL DCI and the T-DAI in the UL grant is not equal to 4 for Type 2 codebook or is equal to 1 for Type 1 codebook.
Proposal 2: For multiple non-overlapping PUSCH in a slot, the UE should perform HARQ-ACK multiplexing in the PUSCH with DAI equal to 1 for Type 1 codebook or not equal 4 for Type 2 codebook. If there are more than one such PUSCHs, the UE should select the PUSCH for HARQ-ACK multiplexing from these PUSCHs according to the current PUSCH prioritization rule.
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